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SUMMARY 
Pheasants are regarded as the roost distinctive bird family of 
the Himalaya and are the most fascinating, spectacular and 
gorgeously plumage birds in the world (Ali 1981). The pheasants, 
family phasianidae, comprise a group of 49 species of generally 
non-migratory and terrestrially adapted birds of moderately large 
size (Johnsgard 1986), of which 17 species are found in India (Kaul 
& Ahmed 1992) and 7 in the Kumaun Hills. Lack of ecological 
information has initiated this study. The study has three major 
objectives: To 1) determine the status, distribution and abundance 
of the white-crested kalij pheasant in Ranikhet region, 2) 
investigate the seasonal habitat use by this pheasant in the study 
area, 3) carry out some behavioural studies ojj the same pheasant in 
Ranikhet. 
The study was conducted along a 33.8 km^ area around the Ardee 
Estate, at Jhuladevi and Chaubatia. Ranikhet is situated on one of 
the ridges of Kumaon Himalayas, which stretches half way across the 
district of Almora from west to east and forms the northern 
boundary of the Kosi basin. 
The basic pattern of weather and climate over the Himalayas is 
governed by the summer and winter monsoon system of Asia (Mani 
1981). The vegetation in the study area is classified as Himalayan 
moist temperate type. The oak-pine forest in the study area is 
dominated by Banj oak {Quercus leucotrichophora) in tree layers and 
is regarded as the climax species (Singh & Singh 1986). Four major 
tree associations are recognized in this forest type: a) oak 
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forest, b) oak-pine forest, 3) oak-scrub, and 4) chir-pine forest. 
The study was conducted in two phases. In the first phase 
preliminary study was carried out to find out the status of kalij 
in and around Ranikhet. In the second phase an intensive study was 
carried out to fulfill the above-mentioned objectives. 
To find out the status and distribution of kalij, 16 different 
places in and around Ranikhet were surveyed. The surveys were 
conducted over an area of approximately 110 km^ , of which about 16% 
was found suitable habitat for this species. A one-month survey was 
conducted in the intensive study area to select suitable sites for 
a close study. 
The line-transect sampling method (Burnham et ai.l980 and 
Gaston 1980) was used to sample the kalij population in the, 
intensive-study area. There were 444 monitoring of the line 
transects covering a length of 702 km. The density of kalij was 
estimated by the Fourier Series Estimator and the analysis has been 
performed by computer program "Transect" (Laake et aJ.1979). All 
kalij sightings were grouped into 0-5m distance intervals and 
analyzed using grouped option. 
In addition line-transect data have also been used to generate 
encounter rate and to determine relative abundance of the species 
at different sites. Two forest trails were also established in the 
same stand of forest. These trails were also monitored to generate 
the encounter rate. This was done in order to compare the results 
obtained by line transects with those of the forest trails to find 
out the validity of the use of forest trails for abundance 
IV 
estimation. Comparisons have been made by one-way analysis of 
variance (ANOVA) and Student's t-test following Fowler & Cohen 
(1986). 
The overall density of kalij was 51+17 km* and it showed 
significant seasonal variation. The density figures are found very 
high and cannot be regarded as correct. The apparent cause of error 
is the subjective estimation of distances which could not bo 
avoided due to a hilly terrain. The encounter rate has been 
significantly different and consistently higher on trails than on 
transects. The encounter rate generated by transects are believed 
to be unbiased and realistic while trail encounter rates do not 
appear to be so. Therefore it should be interpreted with care in 
future studies. More sightings on the forest trails than on the 
transects may be due to the tendency of kalij to move about in 
pairs or small family parties. They come out to feed in the open in 
early morning and evening on the forest trac^ks and trails. There 
has been a significant correlation between estimates of 
groups/monitoring and groups/100 hours. 
This suggests a general agreement between these two estimates 
and either of them can be used with same confidence. There has been 
no significant difference in the encounter rate on the two forest 
trails. This is interesting since both trails differ in terms of 
biotic disturbance. It appears that the kalij is not very sensitive 
to disturbance but it is certainly adversely affected when ground 
cover gets eroded. On the contrary, moderate grazing and lopping 
might favor a good growth of ground cover and consequently be an 
attraction in terms of adequate food. The presence of kalij 
pheasant at five different places and their absence in 11 can be 
related to the forest cover and its extent. Kalij were present 
where there was a continuous extent of forest with heavy to 
moderate undergrowth. They were absent in places where there was no 
continuous extent' of forest or the place where there is no 
undercover, like in a pure chir-pine stand. Fragmentation has also 
adversely affected their abundance. 
The high abundance at one place and low at an other can also 
be attributed to the above-mentioned factors. In general the forest-
around Ranikhet has suffered due to human disturbance. Even the 
reserved forest is disturbed by grazing, fire, wood collection and 
other human activities. Deforestation for fuel and other pressures 
still continue and there is no restriction on forest clearance and 
terrace cultivation. If this pace of deforestation continues, chir-
pine being ruderal in nature, can dominate the area and be 
detrimental to the environment in general and pheasants in 
particular. The pheasants will be adversely affected because they 
belong to a highly specialized group of birds inhabiting a fragile 
ecosystem where the least human exploitative pressure sets off 
irreversible chain reaction. The kalij which is a characteristics 
species of the lower half of the temperate zone (Gaston et al. 
1981), can be badly affected. 
Sighting of kalij pheasant in different habitat types during 
the sampling for density estimate and abundance estimation were 
used to work out the habitat-use pattern of this species. For each 
vi 
sighting of kalij information on a) number of individuals, b) 
habitat types, c) altitude, d) gradient, e) and aspect were 
recorded. The habitat variables related to vegetation had been 
recorded on a subjective ordinal scale in a 5 m radius at each of 
kalij sighting. The variables assessed were i) tree cover, ii) 
shrub cover, iii) shrub height, iv) ground cover density, v) ground 
cover height, vi) grazing pressure, vii) and lopping pressure. 
All sightings from line transects and along forest trails were 
pooled and summarized on seasonal basis, habitat types and habitat 
variables. A series of chi-square contingency matrices have been 
used to detect habitat preference, significant differences in the 
use of different habitat types and habitat variables following 
Fowler & Cohen (1986). To determine which particular habitat had 
been utilized by kalij significantly more or less than expected in 
proportion to its availability, Bonferoni 95% confidence intervals 
has been used following Neu et stl. (1974) and Byers et ai. (1984). 
The seasonal sightings of kalij differed significantly in 
different habitats during the post-monsoon, winter, summer and 
monsoon. The kalij utilized oak-scrub more. Conifer was utilized 
significantly less than expected in proportions to their 
availability during post-monsoon period, winter and summer. Tho 
other habitat types were utilized in proportion to their 
availability during the three seasons. The pattern of habitat 
utilization changed during the monsoon and kalij utilized riverine 
habitat significantly more than expected and utilized oak and 
conifer forests less. 
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There was a significant altitudinal variation in the sighting 
of kalij. This also differed significantly with respect to 
gradients. There was a significant association between a certain 
aspect of slope and sightings. In general, sightings have been more 
on the slopes facing north-east, south and north-west. Sighting did 
not differ significantly in relation to tree cover categories. The 
use of different shrub cover and shrub height also differed 
significantly. There has been a significant difference in the 
sightings in relation to varying degrees of grazing as well as 
lopping pressures during the postmonsoon, winter and summer 
seasons. Monitoring of line transects and trails was done only in 
the morning and evening. These are the feeding hours when the kalij 
is expected to show some preference for a particular habitat. The 
observed pattern of habitat use for foraging clearly demonstrates 
the importance of the oak-scrub. Probable reason for the preference 
of oak-scrub for foraging is the relatively higher densities of 
shrub in this habitat. 
The chir-pine forest is spreading fast throughout the Ranikhet 
region due to its ruderal nature. There is an extensive disturbance 
in oak forest due to fires, lopping, grazing. These factors pose a 
major threat to kalij conservation. The spread of chir-pine should 
be checked with whatever means possible if the native assemblage of 
fauna and flora of the region is to be maintained. 
During studies on the ecological aspects of the white-crested 
kalij pheasant, data on social organization (group size, group 
structure and sex-ratio), were collected. Each group sighting was 
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classified on the basis of sex and numbers. All sightings of groups 
were suinmarized with reference to different sites and seasons to 
calculate mean group size, mean sex-ratios and group-frequency 
distributions. A series of Chi-square contingencies were used to 
find out significant differences in the sex-ratio at each site in 
different seasons. During the initial reconnaissance of the 
Ranikhet region, three roosting sites were located. The presence of 
droppings (fresh as well as old) indicated the roosting sites. The 
vegetation structure in the area around each roosting site was 
quantified in relation to species composition on a random 
selecteded compass line. The other features at each site recorded 
are a) habitat type, b) gradient, c) aspect, d) nearest water 
source, e) and the nearest human habitation. The relationship 
between time of emergence, return to the roost and day length was 
tested by Carl Pearson correlation coefficient. 
The mean group size during 1991-92 and 1992-93 was 3.5 ± .29 
and 3.3 ± .12, respectively, and there was insignificant seasonal 
variation in both the years. The mean group size during the monsoon 
of 1993 was 5.6 ± .08. The little variations in different months 
were observed. The group size ranged from 1 to 8 during both the 
years. The sex-ratios indicate a higher frequency of males during 
all the three seasons. There was, on the whole, no major difference 
in sex-ratios recorded on forest trails during the different 
seasons. 
Roosting sites were located in three different habitat types. 
Three roost sites used by a flock of 3 to 10 kalij pheasants wero 
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studied. The number of trees used for roosting was 1 to 3 for a 
flock of 9 to 10 and 1 for a flock of 3 to 4 birds. Four trees of 
Quercus leuchotrichophora, three each of Myrica nagi and Symplocos 
theifolia and two trees of Stranvaesia nussia were observed to be 
used for roosting. The average height selected for roosting on 
Quercus leuchotrichophora was 10 m±0.81, on Myrica nagi 5 m±0.33, 
on Symplocos theifolia 4 m±0.33 and on Stranvaesia nussia 5 m±1.0. 
Kalij after approaching the roosting site were found more 
alert and watchful. They spent considerable amount of time 
approaching the tree. The result show a correlation between the 
emergence of kalij from the roost and sunrise as well as arrival of 
kalij at the roost and sunset during winter. During summer no 
significant correlation was found between emergence and sunrise but 
a significant correlation was seen between arrival and the sunset. 
Estimating the sex-ratio posed serious problems because the 
species is very secretive and sensitive to human presence. The sex-
ratio estimate is biased in favor of males while sampling for the 
population estimates. It should, therefore, be noted that while 
censusing, error in observed sex-ratio must be corrected to get 
actual density estimates. I feel a reliable technique be evolved to 
determine the actual sex-ratio of this pheasant species. Otherwise, 
the accuracy of the census will be impaired and pose a major 
problem in research and management. In view of the above problems, 
improvement of the techniques are strongly recommended. This 
applies to other pheasant species as well. 
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SUMMARY 
Pheasants are regarded as the inost distinctive bird family of 
the Himalaya and are the roost fascinating, spectacular and 
gorgeously plumage birds in the world (Ali 1981). The pheasants, 
family phasianidae, comprise a group of 49 species of generally 
non-migratory and terrestrially adapted birds of moderately large 
size (Johnsgard 1986), of which 17 species are found in India (Kaul 
& Ahmed 1991) and 7 in the Kumaun Hills. Lack of ecological 
information has initiated this study. The study has three major 
objectives: To 1) determine the status, distribution and abundance 
of the white-crested kalij pheasant" in Ranikhet region ,2) 
investigate the seasonal habitat use by this pheasant in the study 
area, 3) carry out some behavioral studies on the same pheasant in 
Ranikhet. 
The study was conducted along a 33.8 km' area around the Ardee 
Estate, at Jhuladevi and Chaubatia. Ranikhet is situated on one of 
the ridges of Kumaon Himalayas, which stretches half way across the 
district of Almora from west to east and forms the northern 
boundary of the Kosi basin. 
The basic pattern of weather and climate over the Himalayas is 
governed by the summer and winter monsoon system of Asia (Mani 
1981). The vegetation in the study area is classified as Himalayan 
moist temperate type. The oak-pine forest in the study area is 
dominated by Banj oak {Quercus leucotrichophora) in tree layers and 
is regarded as the climax species (Singh & Singh 1986). Four major 
tree associations are recognized in this forest type: a) oak 
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forest, b) oak-pine forest, 3) oak-scrub, and 4) chir-pine forest. 
The study was conducted in two phases. In the first phase 
preliminary study was carried out to find out the status of kalij 
in and around Ranikhet. In the second phase an intensive study was 
carried out to fulfill the above-mentioned objectives. 
To find out the status and distribution of kalij, 16 different 
places in and around Ranikhet were surveyed. The surveys were 
conducted over an area of approximately 110 km', of which about 16% 
was found suitable habitat for this species. A one-month survey was 
conducted in the intensive study area to select suitable sites for 
a close study. 
The line-transect sampling method (Burnham et ai.1980 and 
Gaston 1980) was used to sample the kalij population in tho 
intensive-study area. There were 444 monitoring of the line 
transects covering a length of 702 kra. The density of kalij was 
estimated by the Fourier Series Estimator and the analysis has been 
performed by computer program "Transect" (Laake et ai.1979). All 
kalij sightings were grouped into 0-5m distance intervals and 
analyzed using grouped option. 
In addition line-transect data have also been used to generate 
encounter rate and to determine relative abundance of the species 
at different sites. Two forest trails were also established in the 
same stand of forest. These trails were also monitored to generatn 
the encounter rate. This was done in order to compare the results 
obtained by line transects with those of the forest trails to find 
out the validity of the use of forest trails for abundance 
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estimation. Comparisons have been made by one-way ANOVA and t-test 
following Fowler & Cohen (1986). 
The overall density of kalij was 51*17 km' and it showed 
significant seasonal variation. The density figures are found very 
high and cannot be regarded as correct. The apparent cause of error 
is the subjective estimation of distances which could not be 
avoided due to a hilly terrain. The encounter rate has been 
significantly different and consistently higher on trails than on 
transects. The encounter rate generated by transects are believed 
to be unbiased and realistic while trail encounter rates do not 
appear to be so. Therefore it should be interpreted with care in 
future studies. More sightings on the forest trails than on the 
transects may be due to the tendency of kalij to move about in 
pairs or small family parties. They come out to feed in the open in 
early morning and evening on the forest tracks and trails. There 
has been a significant correlation between estimates of 
groups/monitoring and groups/100 hours. 
This suggests a general agreement between these two estimates 
and either of them can be used with same confidence. There has been 
no significant difference in the encounter rate on the two forest 
trails. This is interesting since both trails differ in terms of 
biotic disturbance. It appears that the kalij is not very sensitive 
to disturbance but it is certainly adversely affected when ground 
cover gets eroded. On the contrary, moderate grazing and lopping 
might favor a good growth of ground cover and consequently be an 
attraction in terms of adequate food.The presence of kalij pheasant 
at five different places and their absence in 11 can be related to 
the forest cover and its extent. Kalij were present where there was 
a continuous extent of forest with heavy to moderate undergrowth. 
They were absent in places where there was no continuous extent of 
forest or the place where there is no undercover, like in a pure 
chir-pine stand. Fragmentation has also adversely affected their 
abundance. 
The high abundance at one place and low at an other can also 
be attributed to the above-mentioned factors. In general the forest 
around Ranikhet has suffered due to human disturbance. Even the 
reserved forest is disturbed by grazing, fire, wood collection and 
other human activities. Deforestation for fuel and other pressures 
still continue and there is no restriction on forest clearance and 
terrace cultivation. If this pace of deforestation continues, chir-
pine being ruderal in nature, can dominate the area and be 
detrimental to the environment in general and pheasants in 
particular. The pheasants will be adversely affected because they 
belong to a highly specialized group of birds inhabiting a fragile 
ecosystem where the least human exploitative pressure sets off 
irreversible chain reaction. The kalij which is a characteristics 
species of the lower half of the temperate zone (Gaston et al . 
1981), can be badly affected. 
Sighting of kalij pheasant in different habitat types during 
the sampling for density estimate and abundance estimation were 
used to work out the habitat-use pattern of this species. For each 
sighting of kalij information on a) number of individuals, b) 
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habitat types, c) altitude, d) gradient, e) and aspect were 
recorded. The habitat variables related to vegetation had been 
recorded on a subjective ordinal scale in a 5 in radius at each of 
kalij sighting. The variables assessed were i) tree cover, ii) 
shrub cover, iii) shrub height, iv) ground cover density, v) ground 
cover height, vi) grazing pressure, vii) and lopping pressure. 
All sightings from line transects and along forest trails were 
pooled and summarized on seasonal basis, habitat types and habitat 
variables. A series of chi-square contingency matrices have been 
used to detect habitat preference, significant differences in the 
use of different habitat types and habitat variables following 
Fowler & Cohen (1986). To determine which particular habitat had 
been utilized by kalij significantly more or less than expected in 
proportion to its availability, Bonferoni 95% confidence intervals 
as been used following Neu et al. (1974) and Byers et aJ. (1984). 
The seasonal sightings of kalij differed significantly in 
different habitats during the post-monsoon, winter, summer and 
monsoon. The kalij utilized oak-scrub more. Conifer was utilized 
significantly less than expected in proportions to their 
availability during post-monsoon period, winter and summer. The 
other habitat types were utilized in proportion to their 
availability during the three seasons. The pattern of habitat 
utilization changed during the monsoon and kalij utilized riverine 
habitat significantly more than expected and utilized oak and 
conifer forests less. 
There was a significant altitudinal variation in the sighting 
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of kalij. This also differed significantly with respect to 
gradients. There was a significant association between a certain 
aspect of slope and sightings. In general, sightings have been more 
on the slopes facing north-east, south and north-west. Sighting did 
not differ significantly in relation to tree cover categories. Tho 
use of different shrub cover and shrub height also differed 
significantly. There has been a significant difference in the 
sightings in relation to varying degrees of grazing as well as 
lopping pressures during the postmonsoon, winter and summer 
seasons. Monitoring of line transects and trails was done only in 
the morning and evening. These are the feeding hours when the kalij 
is expected to show some preference for a particular habitat. The 
observed pattern of habitat use for foraging clearly demonstrates 
the importance of the oak-scrub. Probable reason for the preference 
of oak-scrub for foraging is the relatively higher densities of 
shrub in this habitat. The chir-pine forest is spreading fast 
throughout the Ranikhet region due to its ruderal nature. There is 
an extensive disturbance in oak forest due to fires, lopping, 
grazing. These factors pose a major threat to kalij conservation. 
The spread of chir-pine should be checked with whatever means 
possible if the native assemblage of fauna and flora of the region 
is to be maintained. 
During studies on the ecological aspects of the white-crested 
kalij pheasant, data on social organization (group size, group 
structure and sex-ratio), were collected. Each group sighting was 
classified on the basis of sex and numbers. All sightings of groups 
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were sununarized with reference to different sites and seasons to 
calculate mean group size, mean sex-ratios and group- frequency 
distributions. A series of Chi-square contingencies were used to 
find out significant differences in the sex-ratio at each site in 
different seasons. During the initial reconnaissance of the 
Ranikhet region, three roosting sites were located. The presence of 
droppings (fresh as well as old) indicated the roosting sites. The 
vegetation structure in the area around each roosting site was 
quantified in relation to species composition on a random 
selecteded compass line. The other features at each site recorded 
are a) habitat type, b) gradient, c) aspect, d) nearest water 
source, e) and the nearest human habitation. The relationship 
between time of emergence, return to the roost and day length was 
tested by Carl Pearson correlation coefficient. 
The mean group size during 1991-92 and 1992-93 was 3.5 ± .29 
and 3.3 ± .12, respectively, and there was insignificant seasonal 
variation in both the years. The mean group size during the monsoon 
of 1993 was 5.6 ± .08. The little variations in different months 
were observed. The group size ranged from 1 to 8 during both the 
years. The sex-ratios indicate a higher frequency of males during 
all the three seasons. There was, on the whole, no major difference 
in sex-ratios recorded on forest trails during the different 
seasons. Roosting sites were located in three different habitat 
types. Three roost sites used by a flock of 3 to 10 kalij pheasants 
were studied. The number of trees used for roosting was 1 to 3 for 
a flock of 9 to 10 and 1 for a flock of 3 to 4 birds. Four trees of 
ix 
Quercus leuchotrichophora, three each of Myrica nagi and Symplocos 
theifolia and two trees of Stranvaesia nussia were observed to be 
used for roosting. The average height selected for roosting on 
Quercus leuchotrichophora was 10 in±0.81, on Myrica nagi 5 in±0.33, 
on Symplocos theifolia 4 ro±0.33 and on Stranvaesia nussia 5 m±1.0. 
Kalij after approaching the roosting site were found more 
alert and watchful. They spent considerable amount of time 
approaching the tree. The result show a correlation between the 
emergence of kalij from the roost and sunrise as well as arrival of 
kalij at the roost and sunset during winter. During summer no 
significant correlation was found between emergence and sunrise but 
a significant correlation was seen between arrival and the sunset. 
Estimating the sex-ratio posed serious problems because the species 
is very secretive and sensitive to human presence. The sex-ratio 
estimate is biased in favor of males while sampling for the 
population estimates. It should, therefore, be noted that while 
censusing, error in observed sex-ratio must be corrected to get 
actual density estimates. I feel a reliable technique be evolved to 
determine the actual sex-ratio of this pheasant species. Otherwise, 
the accuracy of the census will be impaired and pose a major 
problem in research and management. In view of the above problems, 
improvement of the techniques are strongly recommended. This 
applies to other pheasant species as well. 
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CHAPTER 1. INTRODUCTION 
1.1 RATIONALE 
Assault on environment is a global phenomenon and is now so 
well understood that it needs no emphasis or explanation. India 
like other developing and overpopulated parts of the world faces 
greater threats. Quantitative and qualitative loss of forest cover 
is widespread. "The large-scale destruction of forests throughout 
the country for commercial, agricultural and other purposes during 
this century, grazing by domestic livestock coupled with an 
unprecedented increase in human population in the past few decades 
have reduced the forest cover of India drastically" (Rodgers & 
Panwar 1988). The forest cover of India is currently estimated to 
be 19.5% out of which only 11.5% is dense forest (Forest Survey of 
India 1989). Such large-scale reduction of forest cover has 
resulted in tremendous loss of biodiversity. The wildlife 
populations too have suffered in this process. 
The once-extensive forest cover in the Himalayas has also met 
a similar fate and a considerable a-rea in the western and tho 
central Himalayas has been rapidly losing its forest cover. The 
existing forest cover is highly fragmented and degraded due to 
heavy biotic pressures resulting from large human and cattle 
populations close to these forested areas (Gaston & Garson 1992). 
The lower-altitude climax oak forest (Singh & Singh 1986) in 
the Kumaon Himalayas (rich in biological diversity), oncn 
extensively distributed in the 1000-2500 altitudinal range, has 
suffered most during this process of unchecked and unplanned 
exploitation. This zone may be regarded as "endangered" (Singh & 
Singh 1987) because much of the area under oak forest in the past, 
is now either barren, terraced for cultivation or has been replaced 
by the chir-pine forest of little wildlife value. The oak forest 
still left is under tremendous biotic pressure with very little of 
it under national protected-area system for conservation of either 
biodiversity or native plant or animal communities (Rodgers & 
Panwar 1988). Consequently, the distribution of most of tho 
wildlife species (birds and mammals) found in the Himalayas have 
been fragmented and these species today survive in extremely low 
numbers. This is especially so with the members of the family 
phasianidae which have also been victims of hunting in the past. 
The sub-family phasianinae [tribe Phasianini] in India is 
represented by 17 species (Ali & Ripley 1982, Kaul & Ahmed 1992) 
out of which 16 are found in the Himalayas. These species inhabit 
a variety of vegetation types and altitudinal ranges throughout the 
range. The populations of most of the pheasant species have 
declined drastically due to large-scale poaching and destruction of 
habitat. Presently six species of pheasants are threatened with 
extinction in the Red Data Book of ICBP/IUCN and require urgent 
protection for their long-term conservation (Kaul & Ahmed 1992). 
The conservation of pheasants in the Himalayas is essential 
for a number of reasons. Apart from possessing novel genetic 
material, pheasant species posses characteristics which are likely 
to make them useful indicator species to judge the health of the 
ecosystems they live in. Pheasants obtain much of their food by 
rooting and scratching the soil. This facilitates litter 
decomposition. Pheasants are also an important prey for a number of 
mammalian carnivores and large raptorial birds. Many of these 
would not survive in the absence of a healthy pheasant population. 
Most of the pheasants are ground-nesters needing plenty of 
vegetative cover (Johnsgard 1986). All these characteristics tend 
to make them more prone to local extinction due to habitat 
fragmentation and degradation resulting from a number of reasons 
such as overcropping of certain forest products, terrace 
cultivation, livestock grazing, annual fires and poaching. Needless 
to add here that for effective long term conservation and 
management of these species large tracts of prime and undisturbed 
forest are essential. 
The ecological information pertaining to the status, 
distribution, habitat requirements, population dynamics and impact 
of habitat degradation and fragmentation on these pheasants is 
scarce even for a common species such as the white-crested kalij 
(Lophura leucomelana, hereafter referred as kalij). Even this 
pheasant, though widely distributed throughout the Himalayas 
occupying a variety of vegetation types from 400 m to 3600 m 
altitude amsl (Ali & Ripley 1982), offers little systematic 
ecological information. 
Considering the gravity of the above-mentioned situation, 
studies on the kalij have been taken up in the Ranikhet region to 
investigate its status in the wilderness, habitat requirements and 
the behavior pattern of this bird for management and conservation. 
It is expected that the present study will lead to a better 
understanding of census and other relevant techniques for the study 
of kalij. The present investigations should also inspire research 
workers and others for future studies. 
1.2 LITERATURE REVIEW 
Pheasants have an association with man dating back to 2500 B. 
C. since man domesticated the red-jungle fowl. Despite that they 
remain a little known group. First modern investigations were made 
by William Beebe and subsequently by Jean Delacour in the mountains 
and jungles of Asia to gather data on pheasant distribution. Their 
works, " A Monograph of the Pheasants " by Beebe (1918 & 22) and " 
The Pheasants Of The World " by Delacour (1951 & 77) are classics. 
Surprisingly, the pheasant group which is represented in India 
by 17 species, has not received much attention in our own country. 
To date very few intensive studies have been made on Indian 
pheasants. Garson et al. (1992) worked on the ecology and 
conservation of cheer pheasant iCatreus wallichii). Kaul (1989, 
1993) investigated the functions of winter flocking in the cheer 
pheasant as well as its habitat utilization. Iqbal (1993) studied 
the pattern of habitat use by kalij in the Indian Himalayas. 
Saklani et al. (1988c, 1989) worked on the habitat utilization and 
behavioral ecology of kalij in the Garhwal Himalayas. Sathya et al. 
(1993) collected information on the ecology of kalij and monal 
(Lophophorus impeyanus) in the Kedarnath Wildlife Sanctuary. 
Sharma & Saklani (1993) worked on the reproductive ecology of kalij 
in the Garhwal forests. Bisht et al. (1989) investigated the 
current status and habitat utilization by the monal pheasant in the 
Kedarnath sanctuary, Garhwal. Ahmed & Musavi (1993) studied thn 
ecology of kalij at Ranikhet in Kumaon. Kalsi (1993) studied 
habitat selection by red-jungle fowl in the Kalesar Reserve forest, 
Haryana. Sharma (1993) studied the status of pheasants in Himachal 
Pradesh. Sharma & Saklani (1993) worked on the reproductive ecology 
of the kalij pheasant in the Garhwal forests. Much of the work 
carried out so far pertains to preliminary status surveys and 
collection of d^ta on population sizes and abundance. Gaston et al. 
(1981) and Gaston and Garson (1992) investigated pheasant 
distribution and status in Himachal Pradesh in the Western 
Himalayas. Gaston (1983) gave maps of pheasant distribution in the 
Himalayas. Qadri & Kaul (1989) surveyed Limber valley in Kashmir 
for the western tragopan {Tragopan melanocephalus). Qadri et al. 
(1990) reviewed the status of pheasants in Kashmir. Chauhan & 
Sharma (1991) reviewed the status of western tragopan in Himachal 
Pradesh. Kaul and Ahmed (1992 & 1993) investigated pheasant 
distribution and status in western Arunachal Pradesh. Pandey (1993) 
did a pheasant survey in the Upper Beas valley, Himachal Pradesh. 
Asad et al. (1994) surveyed Limber valley to study the western 
tragopan and its habitat. Lamba et al. (1983) and Lamba (1984) 
surveyed Kashmir Valley for the pheasant and Nanda Devi National 
Park for the endangered and threatened species of mammals and 
birds. 
1.3 OBJECTIVES 
The following have been the objectives of this study: 
a) To determine the status, distribution and abundance of the 
white-crested kalij pheasant in the Ranikhet region. 
b) To investigate the seasonal habitat use by this pheasant in 
the study area. 
c) To carry out some behavioral studies on this pheasant in and 
around Ranikhet. 
1.4 PERIOD OF FIELD WORK 
The field work for this study lasted from May 1991 till June 
1994. Altogether 37 months were spent in the study area. 
1.5 ORGANIZATION OF THE THESIS 
This thesis has six chapters. Chapter 1 introduces the 
rationale of the study. Chapter 2 provides information on the 
physical features of the study area. Chapter 3 deals with the 
vegetation in the study area. Chapter 4 contains information on the 
population density, status and distribution of the kalij. Chapter 
5 deals with the habitat use by it. Chapter 6 is on behavioral 
studies to understand the sex-ratio, group structure and roosting 
behavior of the kalij. 
CHAPTER 2. PHYSICAL FEATURES OF 
THE HABITAT 
2.1 LOCATION 
The study area lies within the limits of the Ranikhet 
cantonment in Pali sub-division of Alroora district. Ranikhet (29' 
29' 50'' North, 79' 26' East) is situated on one of the ridges of 
the Kumaon Himalayas, which stretches half way across the district 
west to east and forms the northern boundary of the Kosi basin. 
2.2 TOPOGRAPHY 
The cantonment comprises three distinct areas, Ranikhet or 
Alma Barracks 1818 m, Deolikhet 1823 m and Chaubatia 2125 m. Most 
of the area around Ranikhet is reserved forest and is more or less 
protected. The cantonment forest, where the intensive studies wero 
carried out, are bounded practically on all sides by the forest of 
the Ranikhet range of West Almora Forest Division. Of all theso 
three areas, Chaubatia has the best forest. This is because of two 
factors: relative lower human density and minimal forest 
exploitation due to the presence of military establishments in 
this area. 
The forest is spread over a tract of rounded or flat ridges 
with subsidiary spurs and slopes of gentle-to-moderate gradient. 
The moderate slopes have given rise to deep and well drained-
soils. 
2.3 SOIL AND STRATIGRAPHY 
Four broad soil groups have been identified by Ghildyal (1981) 
in the area. They are red loams, brown forest soils, podzolic soils 
and meadow soils. His detailed study of a bisequal <of two 
sequences) profile of a grey brown podzol at the Chaubatia fruit 
research station at Ranikhet shows that the upper soil is silty 
clay and the lower silty clay loam. The soil is characterized by 
the presence of clayey horizons and is acidic. This acidity of tho 
soil increases with depth. Surface horizons are rich in organic 
matter. The organic matter content of the soil decreases with 
depth. The brown forest soil of the same area is medium-to-heavy 
textured, deep and moderately well drained, with organic matter and 
rich surface horizons. A horizon of clay illuviation (accumulation) 
is observed. This soil is acidic in nature with base saturation 
ranging from 36.7 to 47.2%. In moist ravines and in places, 
generally north facing slopes, there is a good leaf-mold layer 
making the soil well suited to the growth of oak. On some of the 
ridges and southerly aspects in the chir zone, more especially 
where grazing has been heavy in the past, the soil is poorer, 
shallow and dry. In general, mica, chlorite and allophane are the 
dominant materials in the clay and silt fraction in addition to 
several other primary and secondary minerals. 
In the sand fraction of the brown forest soils, quartz is found 
to be the most abundant light mineral followed by felspars. Since 
zirion, a resistance mineral, is present in a greater amount the 
soils appear to be in an advanced stage of weathering (Ghildyal 
1981). 
The underlying rocks are mainly schistose with mica. Bands of 
quartzite are quite frequently found among the schists. Gneiss 
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extends in a strip through Chaubatia and is also found elsewhere. 
Both schists and gneiss are regarded as good-quality building 
stone. 
2.4 CLIMATE 
The basic pattern of weather and climate over the Himalayas is 
governed by the summer and winter monsoon system of Asia (Mani 
1981). In addition, the Himalayas are affected by the extra 
tropical weather system (Krishnan 1982) that moves in winter over 
the north of the sub-continent from west to east. There are two 
periods of wet weather in the region. The winter rains are brought 
by the western disturbances and the summer rains by the monsoon 
winds. 
For all the seasonal regularity of the monsoon winds and 
rainfall, the local climate along the Himalayas is quite variable. 
Weather changes are unpredictable and erratic. Unusually heavy 
rainfall is followed by disastrous floods and frequent land slips 
as was experienced in September 1993. Total rainfall in that year 
was 589.7 mm (Figure 5). 
The winter season commences in November and continues through 
February. During winter a high-pressure belt extends over the 
greater part of Asia from Siberia to the outer fringes of the 
Himalayan massif. But because of its height and extent, the 
mountains prevent the spread of extremely cold air from the Central 
Asian regions into north India. There are exceptions though and 
these are associated with the passage of low-pressure systems from 
the west along the southern periphery of the Himalayas. On an 
average six to seven "western disturbances" move across the region 
every month in winter. The onset of the western disturbances is 
heralded by dense thunder clouds accompanied by heavy rain or snow. 
This normally occurs between the end of December and middle of 
January (Mani 1981). Similar weather may sometimes continue in 
February also, as was experienced in 1992 and 1994. In 1992 
snowfall was 3 cm and in 1994 only 2 cm (Figure 6). Whenever it 
happens, cold winds blow and sometimes low clouds or thick fog 
cover the valley. This brings a considerable fall in temperature. 
The temperature drops to sub-zero level between -0.3*c to 6.4 *c 
(Figure 2 & 3) . The average maximum temperature recorded during 
such a disturbance was 17.14 'c (Figure 2) in February 1992. In 
February 1994 the average minimum temperature recorded was -0.3 'c 
(Figure 4). In the winter, wind speed reaches 200 km/hour or more 
(Mani 1981). Winds, after striking the Himalayas, cause severo 
turbulence. This is generally at its greatest in the afternoon. 
The summer season extends from March to mid-June. During this 
season, the subtropical high pressure belt begins to rise rapidly 
over Central Asia. The maximum and minimum temperatures in March 
range between 25 *c and -3 'c, respectively. In March and April 
western disturbances still occur but their frequency falls to three 
or four per month and they are relatively mild. The temperature in 
the region reaches its maximum of 28.9 *c in May (Figure 3). The 
highest relative humidity recorded in the months of May and June is 
100. Thunder storms with occasional hail, particularly in the 
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afternoons, are a common feature during the later part of April to 
May-end. The month of March 1993 also experienced heavy hail and 
thunder storms. The duration of these spells is generally three to 
four days (Figure 8). 
The monsoon sets in the middle of June and persists till the 
end of September. The monsoon is not usually a period of continuous 
rain. Intense rainfall and spells of dry weather alternate 
intermittently. The maximum and minimum temperatures in the month 
of June range from 28.2 *c to 7.8 'c and in July from 26.4 'c to 
8.9 *c. The Relative humidity increases from 91 in June to 100 in 
July (Figure 7). With the onset of the monsoon the air becomes damp 
and often saturated. Clouds hang low over the lower ranges, much 
lower than in winter. Ranikhet is often covered with clouds during 
the monsoon. The rains cease in the middle of September and the sky 
gets clear. The weather becomes mild and stable till the beginning 
of November. 
The post-monsoon period is usually one of fair weather except 
for rare depressions or cyclones that occur in October and 
November. 
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Fig 1. Map of the study area showing transects ond trails route. 
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CHAPTER 3. VEGETATION IN THE 
STUDY AREA 
3.1 INTRODUCTION 
Following is a description of the vegetation in the study area 
within an elevational range of 1818-2125 m. Champion and Seth 
(1968) classified the forest within this range as Himalayan moist 
temperate type. The oak-pine forest in the study area is dominated 
by Banj oak IQuercus leucotricophora) in tree layer and is regarded 
as the climax species by Singh & Singh (1986). Four major tren 
associations can be recognized in this forest type: 
a) Oak forest 
b) Oak-pine forest 
c) Oak-scrub 
d) Chir-pine forest 
The oak forest is mainly composed of Banj Quercus 
leucotricophora. The oak forms a close canopy in places where the 
trees are well developed. Puri et al. (1989) have also made the 
same observation. In the damp ravines there is an appreciable 
mixture of deciduous trees contributing to the main canopy. 
Rhododendron arboreum and Lyonia ovalifolia (both unfit for cattlo 
feed and bad fuels) are typical associates usually below the oak 
canopy. There is also a well defined, largely evergreen, second 
storey of Pyrus pashia and Symplocos theifolia which occur on damp 
sites. In areas which are not too heavily browsed there is 
generally a good deal of undergrowth of both deciduous and 
evergreen shrubs. Climbers are few, Rosa moschata and Hedera helix 
being the commonest. There is a luxuriant growth of mosses and 
lichens on the trees and in the monsoon a copious development of 
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epiphytic ferns Arum and Sedum also appear. 
The oak-pine forest comprises oak (Quercus leucotricophora) in 
close association of Pinus roxburghii, Myrica nagi and varying 
groups of deciduous tree genera notably Litsea, Ilex, Prunus, 
Aesculus, Viburnum, Maytenus and Pyrus. Among the shrubs 
Indigofera, Desmodium, Viburnum, Wikstroemia are the other species. 
This composition (deciduous trees and shrubs) is generally met in 
depressions, damp sites, ravines and on gentler slopes and is thus 
considered a separate habitat, i.e. riverine forest in the habitat 
utilization chapter. 
In the oak-scrub the oak has been reduced to low stunted, 
diminutive trees, usually coppice. With it are bushes of Berber is, 
Crataegus and Myrsine (all thorny) and sometimes Spiraea, 
Scutellaria, Boenninghausenia, Wikstroemia and Indigofera. The 
factors responsible for the stunted growth of oak are lopping for 
fodder combined with browsing and pole felling. Practically all the 
oak stands are subject to heavy animal pressure and lopping. The 
older trees usually perish but the smaller tend to end up as 
coppice scrub. 
The chir-pine forests (referred as conifers in the habitat use 
chapter) are frequently met with. They have a tendency to form 
monospecific stands with sparse shrub undergrowth (Singh & Singh 
1987), Occasionally stray trees of Myrica, Quercus, Cuperossus and 
Cedrus can be seen in association. 
The shrubs common to all the four habitat types are Rubus 
biflorus, Rubus ellipticus, Berberis asiatica, Berberis aristata, 
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Myrsine africana and Pyracantha crenulata. 
3.2 METHODS 
The analysis of all the forests was accomplished by Point 
Centered Quarter (PCQ) method of vegetation sampling to determine 
the density and the species composition in each of the habitat 
types following Dombois & Ellenberg (1974). The sampling was done 
at five different sites and a random selected compass line was 
projected for the quantitative measurements of the plants at each 
site. Each sampling point was divided into four quarters and the 
distance to the nearest tree was measured. Tree girth at breast 
height (1.37 m from the ground) was also measured and recorded 
individually for each species. The data were analyzed 
quantitatively for basal cover, density and importance value index 
(IVI) following the methods of Dombois & Ellenberg (1974). The IVT 
was determined as the sum of relative frequency, relative density 
and relative dominance. The species diversity was determined by 
using the Shanon-Wiener information function as: 
H = £ pi.log pi 
where pi is the proportion of ith species in the sample. The 
concentration of dominance (CD) was calculated using Simpson's 
(1949) index as: 
CD = E (ni/N)* 
where ni is the importance value for the species i and N is the 
total importance value of all the species in a stand. Dominance and 
diversity indices were calculated on the basis of density values. 
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The index of similarity (S) was calculated to compare the two 
forests (Sorensen 1948) as: 
S = 2C/A+B X 100 
where A and B represent the numbers of species in forests A and B 
respectively and C is the number of species common to both tho 
stands. 
The ground cover vegetation was assessed by the "2 Step" 
method (Riney 1982). Ten transects of equal length (100 paces each) 
were randomly selected and wallced. The ground cover immediately 
under the mark (notch at the toe of the right shoe) was recorded. 
One transect of 100 paces thus contained 50 sample points. At the 
end of the exercise the figures for each category of all transects 
were added and divided by the number of sample points to arrive at 
the mean. The general calculations were done as follows: 
% ground cover = no. of hits on X x 100 / total no. of 
sample hits 
for all habitat types, 
3.3 RESDLTS 
3.3.1 Oak forest 
Quercus leucotricophora exhibits absolute dominance in terms 
of density (587.3 trees/ha), total basal cover (288387.7 cm*/ha) 
and IVI (129.9). The mean basal cover of this species is 491.0 cm*/ 
tree (Tables 1 & 2). The co-dominant species in this forest is 
Pinus roxburghii having a density of 130.4 trees/ha and an IVI of 
69.7. Myrica nagi (IVI = 37.9), Rhododendron arboreum (IVI = 16.8) 
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are the other important trees in the forest. Pinus roxburghii has 
the highest mean basal area (1928.0 cm*/ tree). Malus domestica is 
the least important of all the species with a density of 2 trees/ha 
and an IVI of 0.61. 
The dominance rank value indicated that Quercus 
leucotrichophora and Pinus roxburghii are contiguous in 
distribution. Trees of Myrica nagi. Rhododendron arboreum and 
Lyonia ovalifolia show regular distribution while other trees are 
irregular. 
3.3.2 Oak-pine forest 
Quercus leucotricophora is dominant in terms of density (183.2 
trees/ha). The mean basal area and the IVI are 625.3 and 99.9, 
respectively. The total basal cover was 114598.7 cm*/ha. The co-
dominant species is Pinus roxburghii with a density of 136.1 
tees/ha and IVI 98.1 (Tables 3 & 4). The other important trees in 
association are Myrica nagi. Rhododendron arboreum, Cedrus deodara, 
Cupressus torulosa. Ilex dipyrena, and Viburnum coriaceum with 
their respective densities of 68.0 trees/ha, 26.18 trees/ha, 26.1 
trees/ha, 15.7 trees/ha, 6.8 trees/ha and 6.8 trees/ha. In order of 
their importance the IVI's are 32.5, 16.0, 15.8, 7.1, 3.5 and 2.8 
respectively. The mean basal area is highest, 916.9 cm*/ tree in 
Rhododendron arboreum and lowest, 318.7 cm*/ tree, in Cupressus 
torulosa. Pinus roxburghii has the highest mean basal area of 
1322.4 cm*/ tree. Persea duthiei and Prunus napaulensis are the 
least important species with the dominance of 27.7 cm*/ha and 16.8 
cm*/ha, respectively. 
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The dominance rank (DR) value indicates a contiguous 
distribution of Pinus roxburghii and Myrica nagi, respectively. 
There is a regular distribution of Rhododendron arboreum (DR = 4) 
and Cedrus deodara (DR = 5). Viburnum coriaceum, Cupressus 
torulosa, and Ilex dipyrena are irregularly distributed and in 
order of their dominance ranking occupy a position ranking of 6, 7 
and 8 respectively. The diversity index was 0.722 with a species 
richness of 21 (Table 11). 
3.3.3 Oak-acrub 
Pinus roxburghii is a dominant tree species in terms of 
density (300.9 trees/ha). The mean basal area is 359.8 cm'/ha and 
the IVI 138.1. The dominance for this species is 108274.6 cra*/ha. 
The codominant species is Quercus leucotrichophora with a density 
of 223.9 trees/ha and IVI 102.2 (Tables 6 & 6). The other important 
trees are Myrica nagi with a density of 104.9 trees/ha and IVT 
37.3, Symplocos theifolia (34.9 trees/ha and 11.0) and Cupressus 
torulosa (13.9 trees/ha and 4.2). Rhododendron arboreum and 
Stranvaesia nussia are poorly distributed and both occupy the same 
density of 6.9 trees/ha. 
3t3«4 Chir-pine forest 
Pinus roxburghii is dominant in terms of density (583.2 
trees/ha), the mean basal area (347.9 cm*/ tree) and the IVI 
(218.2). The dominance is 202916.8 cm*/ha. The co-dominant species 
are Cupressus torulosa and Quercus leucotrichophora with a similar 
density of 61.3 trees/ha but different IVI's value (22.4 and 31.7), 
respectively. The mean basal area has been observed as 254.5 cmV 
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tree and 148.7 cm'/tree, respectively (Tables 7 & 8). The dominance 
rank (DR) and the total basal area for Maytenus rufa is observed as 
4 and 4552.7 cm*/ha. Cedrus deodara carried a fifth rank in order 
and covered a total basal area of 2200.1 cm*/ha. This indicates an 
irregular distribution of these trees. The IVI of these species are 
12.8 and 5.7 respectively. Myrica nagi is the least important 
species in order of dominance (1388.3 cm*/ha). The IVI of this 
species is observed as 5.3. The diversity index (DI) was found to 
be 0.377 with a species richness of 6 (Table 11). 
The maximum similarity index in tree species is found between 
the oak and oak-pine forest (79%) followed by the value of index 
for oak-scrub and chir-pine forest (61%). Oak scrub and oak-pine 
forest show the minimum similarity index (Table 10). 
The maximum similarity index in shrubs and lower plants is 
also found between oak and oak-pine forest (96%) followed by the 
value of index for oak-scrub and oak-pine (85%). Oak-scrub and 
chir-pine forest show the minimum similarity index (Table 9). 
In the oak forest the maximum values (18.2%) are exhibited by 
pine needles. Dung and rocks have the minimum values and show 
similar coverage (1.5%). Grasses, herbs, dead wood and leaf litter 
are found in their respective orders as 17.5, 15.5, 14.0 and 11.6%. 
Weathered stones formed 7.7% of the area and the bare ground 5.14%. 
Tree saplings and shrubs are observed as 5.8% and 4.2%, 
respectively. 
Similarly the oak-pine forest collects a maximum amount of 
cover for pine needles (23.6%) followed by leaf litter (19.2%). 
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Grasses and dead wood have been found in almost equal percentages 
of 17.5% and 17.7%, respectively. Rocks and weathered stones cover 
2.0% and 2.2% of the area. Herbs, an important element, comprise 
14.9% of the ground cover. The bare ground covers only 3.94% of the 
area. There were no saplings and no dung here. 
The oak-scrub has a maximum cover of 66.9% of pine needles. 
Weathered stones covered only 0.7% of the area. Saplings comprise 
8.4% of the ground cover. Bare ground and the land under leaf 
litter have been found in almost equal percentages of 4.4% and 
4.6%, respectively. Grass at 5.3% also constitutes an important 
ground cover. 
Leaf litter is the most dominant cover at 30% in chir-pine 
forest. Pine needles, bare ground and grasses have been found in 
the order of their dominance as 29%, 17% and 9%, respectively. 
Rocks were minimum at 0.9% and were the least important element at 
the ground level in this habitat. There were no shrubs, no dung, no 
pellets and no weathered stones in this habitat. 
The growth of saplings of Pinus roxburghii in all the habitat 
types and a marginal high concentration of 8.4% in the oak-scrub is 
due to its ruderal nature (Singh & Singh 1987). This species can be 
considered as an early successional community thriving on natural 
and roan-made disturbances such as land slides, erosion, burning, 
selective lopping and cutting of broad leaf forests (Champion & 
Seth 1968). 
27 
3.4 DISCDSSION 
Phytosociological characteristics differ among different 
habitat types and among different tree species. In oak, oak-scrub 
and chir-pine forest the maximum IVI, density and dominance have 
been exhibited by the dominant species of that forest. But this is 
not true in the oak-pine forest. Here the maximum dominance is 
exhibited by trees other than the dominant species (Table 3). 
Pinus roxburghii in the oak forest occupies the maximum mean basal 
cover (1928.0 cm*/tree) while the oak in spite of being the 
dominant species (in terms of density) occupied less cover (491.04 
cm*/tree). Nayak et al. (1991) also found that the dominant species 
occupies less basal cover in comparison to another species (Myrica 
nagi in that case) having a maximum mean basal cover of 733.75 
cm*/tree. 
In this study species richness in oak forest has been found to 
be 17, which is slightly more than the findings of Rajwar & Dobhal 
(1991). In their study they found species richness in the oak 
forest to be 14. 
Similarly in the oak-pine forest the highest mean basal cover 
is exhibited by Pinus roxburghii (1322.4 cm*/tree). The tree 
density has been found to be 136.1 trees/ha. An almost similar 
density (130.4 trees/ha) has been found in the oak forest and 
therefore Pinus roxburghii is found sub-dominant in both the forest 
types. The density of Pinus roxburghii is higher (583.2 trees/ha) 
in the chir-pine forest than in other habitat types (oak forest, 
130.4 trees/ha; oak-pine forest, 136.1 trees/ha; oak-scrub, 300.9 
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trees/ha). The mean basal area of Pinus roxburghii in the chir-pine 
forest has been found to be 347.9 cm*/tree and IVI 218.2. Singh 6< 
Singh (1987) have reported a density of 200 trees/ha in a 
monospecfic stand of Pinus roxburghii with an IVI of 250. But in 
species richness and diversity the results have been found to bo 
similar. It has also been observed that in this stand of forest the 
species richness and diversity is very low, though in the adjacent 
forest both are quite high. The major cause for this situation, 
according to Singh & Singh (1987), is the role of Pinus roxburghii 
preventing the re-invasion of broad-leaf species. 
In the oak-scrub the density of Pinus roxburghii has been 
found to be 300.9 trees/ha with a mean basal area of 359.8 
cm*/tree. Quercus leucotricophora has been found to be a sub-
dominant species in terms of a density of 223.9 trees/ha in this 
habitat type. It occupies a higher mean basal area of 354.3 
cm^/tree. In the chir-pine forest it is 148.7 cm*/tree. 
The structure of the forest types described here is different 
in regard to the dominance (in terms of density) of different 
species. The total tree density values in this study range between 
524-767 trees/ha, which fall within the range of values 350-2840 
trees/ha for the temperate forest of the world (Dabel & Day 1977, 
Crow 1978, Killingbeck 6. Mali 1978, Saxena & Singh 1982). 
The oak-pine forest has the highest species richness (21) and 
also exhibits the highest species diversity of 0.838 (Table 11). 
This has been confirmed by Singh & Singh (1987) and Puri et al. 
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(1989). 
Species diversity varies widely in different forests. The 
concentration of dominance (CD) varied between 0.237 and 0.561. The 
highest CD of 0.561 has been recorded in the chir-pine forest. The 
variance indicates that dominance is shared by several species. The 
high value in the chir-pine stand indicates that dominance is 
acquired by a few species only. The lower diversity and 
consequently greater concentration of dominance could be due to a 
lower rate of evolution and diversification of the communities 
(Simpson 1964, Ralhan et al. 1982) and severity in the environment 
(Connel & Orias 1964). 
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Table 13. Status of shrubs and lower plants in different habitat 
types. C = Coinrnon, UC = Occasional, R = Rare, A = Absent, * = Weed. 
Species Habitat type 
Oak Oak-pine Oak-scrub Chir-pine 
SHRUBS 
Agrimonia pilosa UC C A A 
Artemisia vulgaris A UC UC A 
Asparagus filicinus UC C UC A 
Berberis aristata C C C UC 
Berberis asiatica C C C UC 
Boenninghausenia 
albiflora UC UC UC A 
Caryopteris 
wallichiana A UC UC A 
Castenea sativa UC UC UC A 
Cryopteris spp UC UC UC A 
Daphne cannabina C C UC A 
Daphne papyracea UC UC A A 
Desmodium 
tiliaefolium A UC A A 
Deutzia staminea A UC A A 
Euonymus pendulus UC UC UC A 
Euonyiaus tingens UC UC A A 
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Euphorbia pilosa UC 
Eurya acuminata DC 
Gnaphalium 
hypoleucum A 
Indigofera 
gerardiana UC 
Indigofera 
heterantha R 
Micromeria biflora A 
Myrsine africana C 
Origanum vulgare A 
Pi lea scripta UC 
Poiygonum 
nepalansis UC 
PotentiJJa 
gerardiana UC 
PotentiJJa 
polyphylla UC 
Pyracantha 
crenulata C 
Rhamus virgata UC 
i7ui>us biflorus C 
Rubus ellipticus C 
Rubus paniculatus A 
Scuteiiaria 
scandens UC 
Smilax parvifolia A 
UC 
C 
UC 
UC 
A 
A 
UC 
UC 
C 
UC 
UC 
UC 
UC 
UC 
c 
UC 
UC 
c 
UC 
UC 
A 
UC 
A 
A 
C 
UC 
A 
A 
A 
C 
A 
A 
c 
UC 
c 
c 
UC 
UC 
A 
UC 
A 
A 
A 
UC 
A 
A 
48 
foliolosum UC UC A A 
Viburnum muJJaha A UC UC A 
Viikstroemia canescens A UC A A 
HERBS 
Bidens biternata A C 
Calaiaintha umbrosum* A UC 
Carex spp C UC 
Cyperus niveus UC C 
Cyperus triceps C C 
Dicliptera spp C C 
Digitaria spp C UC 
Elastostemma spp A UC 
Euphorbia pilulifera C UC 
CLIMBERS 
Hedera nepalensis UC C UC R 
Smilax aspera C C C R 
Tetrastigma spp UC C UC A 
UC 
UC 
A 
UC 
UC 
UC 
A 
A 
A 
A 
A 
R 
R 
R 
A 
A 
A 
A 
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CHAPTER 4. STATUS AND 
DISTRIBUTION 
4.1 INTRODDCTION 
Due to their wide distribution and apparent tolerance of 
disturbance in their habitat the kalij pheasant in the Himalayas 
may not be considered to be in immediate danger of extinction. 
However, the species has been a victim of poaching and habitat 
destruction and there is apprehension that it may become threatened 
if timely effective remedial measures are not taken. The 
distribution of kalij throughout the Ranikhet region is patchy and 
if the current trends of deforestation and habitat fragmentation 
continue both its numbers and range may decline substantially. 
Poaching in winter and frequent fires in summer (May-June), the 
breeding season, have been very damaging. The information presented 
here had been gathered during the survey and intensive studies 
carried out from May 1991 to June 1994. The survey for the 
determination of status and distribution was conducted in and 
around the Ranikhet region at Ganiadeoli, Siun (Sonee), Ruinchi 
(Richee), Bhatronjkhan, Dewarpani, Billekh, Betalghat, Padholi, 
Kalika, Chilianaola, Dwarsyun, Kathpudia, Katarmal, Majkhali, 
Pilkholi and Bamsyun (Figure 9). 
4.2 METHODS 
The surveys were conducted over an area of approximately 110 
km*, of which only about 16% is a suitable habitat for the species. 
Areas with thick undergrowth where the kalij is most likely to be 
present, received special attention. More time was devoted to these 
places and less in the areas having chir-pine with no undergrowth. 
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The data collected during the surveys were analyzed to find out the 
encounter rates (group/100 hours of effort) of kalij at different 
sites. Approximately 33.8 km* of area around the Ardee Estate, 
Jhula Devi and Chaubatia (Figure 1) was surveyed to locate the 
species. The places where birds were found (either direct sightings 
or indirect evidences such as droppings or feeding signs) were 
plotted on a map of 1:1000 scale. A one-month survey was first 
conducted to select suitable sites for intensive studies on density 
estimation, habitat use, social organization and roosting behavior. 
These sites have been referred to in the following text as S 1, S 
2, S 3, S 4 and S 5. 
The line transect sampling method (Burnham et al. 1980, Gaston 
1980) was used to sample the kalij population in the intensive-
study area. The area to be covered at each site was marked in 
advance on the map and 7 transects were established at each of the 
five study sites for monitoring. The total length of 35 transects 
was 55.2 km (Tables 27 & 28). Each transect was more than 1 km 
long and all transects were placed 100 m apart. These transects 
were marked on the ground and were carefully routed along a set 
compass line. The sites were visited at dawn and two hours before 
dusk. The transects at each site were monitored once in a month. 
Visits to the sites were in rotation to give equal attention to all 
the sites. There were 444 monitoring of line transect covering a 
length of 702 km. The sighting data collected on line transects at 
each site were separately pooled seasonally and used to calculate 
the density of kalij by the Fourier Series Estimator. The analysis 
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was done by computer program "Transect" (Laake et al. 1979). All 
kalij sightings were grouped into 0-5 m distance intervals and 
analyzed using grouped option. 
In addition, line transect data have also been used to 
generate encounter rate (groups/monitoring and groups/100 2 hrs) 
and to determine relative abundance of the species at different 
sites. Two forest trails were also monitored in the same stand of 
forest between Ardee estate and Chaubatia. These trails were 
monitored weekly to generate the encounter rate (groups/monitoring 
and groups/100 hrs). This was done to compare the results obtained 
by line transects with those of the forest trails to find out the 
validity of the use of forest trails for abundance estimation. The 
first and the second trails were monitored 26 and 27 times covering 
105.3 km and 108.6 km, respectively. These trails also provided a 
good opportunity to assess the impact of biotic pressures on the 
species. This is because they suffered from varying intensity of 
human pressures such as browsing, lopping, collection of resin and 
other minor forest products. The intensity of the pressure was more 
on Trail 1. 
With each kalij sighting on transects and the trails following 
data were also recorded: 
a) Time spent 
b) Habitat typo 
c) Number of individuals 
d) Sex 
e) Activity of the bird at the time of sighting 
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The sighting data collected on line transects at each site and 
two forest trails were separately pooled and analyzed to calculate 
the encounter rate (ER) (groups/monitoring and groups/100 hrs) for 
different sites, trails and seasons. 
Comparisons have been made between the encounter rates at 
different sites, in different seasons, and along the transects and 
trails by one-way analysis of variance (ANOVA) and student's t-test 
following Fowler & Cohen (1986). 
4.3 RESULTS 
4.3.1 Survey results 
Table 1 contains a summary of the results of the overall 
survey carried out in the Ranikhet region. Out of the 16 places 
surveyed, a record of kalij presence (direct & indirect evidence) 
was obtained only from six sites. The survey covered an altitudinal 
range from 1400-2000 amsl (Figure 10). The kalij were sighted in 
three habitat types, i.e. oak, oak-scrub and riverine forest 
(Figure 11). The maximum ER (28 groups/100 hour) was recorded at 
Sonee and the minimum (9 groups/100 hours) at Ruinchi as well as 
Kalika (Table 14). 
4.3.2 kalii denaity 
Table 26 presents a summary of the average density of kalij 
pheasant in the intensive-study area. It was estimated to be 51 
kalij/km*. The density has been found to vary seasonally and was 
highest during the post-monsoon season (70+18 kalij/km*) and lowest 
in summer (18 + 22 kalij/kmM. 
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4.3.3 Kalij encounter rate 
Tables 15 and 16 provide seasonal encounter rates (groups/ 
monitoring) of kalij on line transects at different monitoring 
sites during 1991-92 and 1992-93. During 1991-92, the mean ER was 
highest in the post-monsoon season (0.820±0.11) and lowest in the 
summer season (0.643±0.10) . The mean ER differed significantly 
between different sites (F ,,,, = 9.3, P<0.01) and in different 
seasons (F j,,, = 16.59, P<0.01). The encounter rates were 
consistently higher at S 3 and lowest at S 5. 
During 1992-93 the mean ER (groups/monitoring) was highest in 
summer (0.83+0.10) and lowest in monsoon (0.63+0.25). The encounter 
rates differed significantly between sites (F ,,,, = 8.06, P<.01) but 
did not differ significantly in different seasons (F ,_„ = 3.13 
P>.05). There was however no pattern in encounter rates at 
different sites during different seasons. The overall encounter 
rates (combined for both years) ranged from 0.72 groups/monitoring 
at S 2 to 0.78 groups/monitoring at S 4. There was no significant 
difference in overall encounter rate in 1991-92 and 1992-93 (t -^  
0.64, d.f.= 2, P>0.05). 
Tables 17 and 18 provide the encounters rates (groups/100 hrs) 
of kalij at different sites during 1991-1992 and 1992-1993. During 
1991-92, a maximum of 17 groups/100 hrs was recorded at S 4 and 
minimum 12 groups/100 hrs at S 1. The mean ER was highest in tho 
post-monsoon season and lowest in summer. During 1992-93 a maximum 
of 23 groups/100 hrs was recorded at S 5 and a minimum 13 
groups/100 hrs at S 2 and S 3. The encounter rate was highest in 
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summer and lowest in the post-monsoon. There was a significant 
correlation in groups/monitoring and groups/100 hour during the two 
years (r,=0.55, n=12, P<0.05). 
Tables 19 and 20 provide seasonal ER (groups/monitoring) for 
two forest trails for 1991-92 and 1992-93. The overall encounter 
rates were considerably higher (P>0.05) on forest trails compared 
to transects. During 1991-92, the overall ER was highest 
(2.45±0.15) in winter and lowest (1.85+0.35) in summer (Table 19) 
whereas during 1992-93, it was highest (2.8+0.2) in the post-
monsoon season and lowest (1.4+0.1) in winter (Table 20). Tables 21 
and 22 provide ER (groups/100 hours) on forest trails during thn 
two years. In 1991-92 the encounter rate was highest in winter and 
lowest in summer. There was no significant difference in encounter 
rate on forest trails during the two years (P>0.05). The maximum 
encounter rate during 1992-93 was (40 groups/100 hrs) in the post-
monsoon period on Trail 2 and the minimum was (18 groups/100 hrs) 
in winter on Trail 1. The overall encounter rate on the two trails 
was 22 groups/100 hrs on Trail 1 and 25 groups/100 hrs on Trail 2. 
Tables 23 and 24 provide comparative encounter rates at 
transects and trails during 1991-92 and 1992-93. The mean ER 
(groups/monitoring) was 0.745 on transects compared to 2.24 on 
forest trails during 1991-92 and the difference was significant (t 
= 10.4, d.f.= 2, P<0.01). The mean ER on transect and trail was 
0.762 and 2.05 groups/monitoring during 1992-93 but the difference 
was not significant (P>0.05). However, the pooled data for the 
entire study period (Table 25) showed a significant variation in 
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encounter rates on trail and transect (t = 6.1, d.f.= 2, P<0.05). 
4.4 DISCUSSION 
Information on the status, distribution and other ecological 
requirements of pheasants in India is inadequate. Gaston (1983) 
reviewed the curren't knowledge of pheasant distribution and 
integrated the information on 1/2 * grid square maps. The maps give 
an overall picture of distribution of pheasants based on past 
works. The maps show wide gaps in distribution indicating further 
need of status surveys. 
Pheasants, in general are a difficult group to study. 
Satisfactory techniques for field studies, such as abundanc<: 
estimation, social or other behavioral studies have not yet been 
fully developed because the birds are evasive, their habitats are 
opaque and not easily accessible. The lack of dependable and 
applicable techniques for field studies is also due to the fact 
that relatively fewer studies have been and are being conducted on 
pheasants and the techniques in vogue need refinement. Past 
research efforts on pheasants in general have concentrated more on 
development and refinement of techniques available to be used for 
collection of data on abundance and distribution (Garson 1980, 1989 
& 1993, Gaston 1980 & 1983). A review of available literature in 
general suggests that call count (Gaston 1980, Garson 1980 & 89, 
Young et al. 1987, Duke 1989, McGowan 1989) has been developed and 
used quite extensively on almost all those species which have a 
prominent dawn chorus. Apart from that encounter rates have also 
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been used to generate measures of abundance through random walks, 
monitoring of roads and .forest trails, and casual observations. 
While results of call counts have been best reviewed by Duke 
(1989), there is a genuine need to establish the validity of 
encounter rates. The encounter rates have so far been expressed in 
terms of sightings of pheasant groups in relation to distance 
covered, monitoring efforts or total time spent. The encounter 
rates thus generated have been used for relative abundance 
estimation rather than absolute measures of abundance. However the 
encounter rates generated by monitoring of forest trails, roads and 
exploratory surveys suffer from the following drawbacks: 
1. The birds may avoid/select areas around the trails and forest 
roads due to open conditions on roads and consequently one can have 
significantly lower or higher encounter rates. Results from number 
of studies show this confounding effect on roads and trails (e.g. 
Sathya et aJ. 1993). 
2. The observers are likely to walk through easily accessible 
areas and several locations preferred by pheasants may be missed. 
This may bring in an element of bias. 
3. The third and roost important point which has not been adequately 
addressed is the minimum sample size required to generate the 
encounter rates. Going through the literature one may see that in 
a majority of cases (e.g. Sathya et al. 1993) the encounter rates 
have been generated on the basis of small sample sizes which aro 
simply misleading. 
4. There is a tendency of producing density measures (groups/km* or 
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number of individuals/km') which produce very high density 
estimates and are not realistic. 
The present study sought to address these, and several other 
points and the results support the apprehension expressed above. 
The line transect method (Burnham et al. 1980, Buckland et al. 
1993) has been developed quite well on the conceptual level and 
there is enough support in the literature for the method which is 
simple, robust and produces more or less unbiased density 
estimates, provided the underlying assumptions are not violated. 
Gaston (1980) had recommended the use of line transect method in 
density estimation of kalij but a real field test is still not 
available. The present study used the line transect method along 
with monitoring of trails to estimate the density and to generate 
encounter rates. 
The overall density of the kalij in the study area was 51+17 
/km' with significant seasonal variations. The density figures are 
very high and can not be regarded as correct. However this high 
density estimate should not be attributed to any shortcoming in the 
line transect method. The apparent cause of error is the subjective 
estimation of distances which could not be avoided due to hilly and 
forested terrain. Similar doubts have been expressed by Sathya et 
al. (1993) in regard to the flushing distance influencing density 
estimates. The encounter rates (groups/monitoring & groups/lOOhrs) 
show significant variations; spatial, seasonal as well as annual. 
As for example the encounter rates were consistently higher at S 3 
and lower at S 5 during 1991-92 which is reflected in overall means 
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also for these sites. This pattern was not obvious during 1992-93. 
The pooled data for 1991-92 and 1992-93 produce no significant 
variations either spatial or seasonal (Table 16). Variation was due 
to low sample sizes rather than actual differences because these 
differences disappear when data are pooled. This suggests that such 
stochastic variations (Duke 1993) can be dealt with by reasonable 
sample sizes. There has been a significant correlation between 
estimates of groups/monitoring and groups/100 hours suggesting a 
general agreement between these two estimates and either of them 
can be used with the same confidence. 
The encounter rates (groups/monitoring & groups/100 hours) 
have been significantly different and consistently higher on trails 
than on the transects. The encounter rates generated by transects 
are thus believed to be unbiased and realistic while trail 
encounter rates do not appear to be so. This conclusion has been 
drawn on the basis of this study. Therefore it should be 
interpreted with care in future studies. More sightings on the 
forest trails than on the transects may be due to the tendency of 
kalij to move about in pairs or small family parties while foraging 
on forest trails (Ali & Ripley 1982). Since the trails provide an 
open area the chances of predation are few. Adequate sunshine and 
even food are another draw (Sathya et ai. 1993). There has been no 
significant difference in encounter rates between two forest trails 
which is interesting since both trails differ in terms of biotic 
disturbance. It appears that kalij is not very sensitive to 
disturbance but it is adversely affected when ground cover gets 
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eroded. Moderate grazing and lopping might even favour good growth 
of ground cover. For example, the encounter rates were low near the 
Chaubatia forest as compared to Jhula Devi forest. The forest at 
Chaubatia is least disturbed and is almost closed canopy forest 
with little undergrowth. In contrast the forest at Jhula Devi is 
open and the ground cover is moderate with mild topography. 
The presence of kalij pheasant in Ganiodeoli, Sonee, Ruinchi, 
Bhatronjkhan and Dewarpani and their absence from Pilkholi, 
Bamsyun, Majkhali, Dwarsyun, Katarmal, Billekh, Padholi, Kathpudia 
and Chilanaola can be related to the forest cover and its extent. 
Kalij is found present where there is a continuous extent of forest 
with heavy-to-raoderate undergrowth. They are absent in places where 
there is no continuous extent of forest or no undercover, like in 
pure chir-pine. stands. The fragmentation of habitat has also 
adversely affected their abundance. The high abundance at Sonee and 
low in Ruinchi and Kalika can also be attributed to the above-
mentioned factors. In general the forest around Ranikhet has 
suffered due to human disturbance. Even the reserved forest is 
disturbed by grazing, fuel collection, other human activities and 
deforestation for fuel and timber with more land coming under 
terrace cultivation. If this pace of deforestation continues, chir-
pine being ruderal in nature, (Singh & Singh 1987) can dominate the 
area (lower and middle altitude oak-zone and can be detrimental to 
both, the environment in general and pheasants in particular. The 
pheasants will be adversely affected because they belong to a 
highly specialized group of birds inhabiting a very fragile habitat 
60 
where the least human exploitative pressure sets off an 
irreversible chain reaction. Kalij, which is a characteristic 
species of the lower half of the temperate zone (Gaston et al. 
1981), can also be badly affected. 
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CHAPTER 5. HABITAT USE 
5.1 INTRODDCTION 
Fuller information pertaining to habitat use by pheasants and 
the ecological factors is essential for the successful conservation 
and management of a species. The accelerated degeneration of the 
forest cover in the Himalayas in the recent past has resulted in 
alteration and modification of the representative habitats through 
a combination of factors such as grazing, fire, selective logging 
and forestry operations. It is not fully known as to how pheasant 
populations respond to such habitat modifications. Some studies 
suggest species might vary greatly in their response to these. As 
for example, the cheer pheasant {Catreus wallichi) is known to 
occupy grassland-scrub type of habitats (Kaul 1993) which is a 
product of past disturbance but similar disturbance and 
modification may be detrimental to another pheasant species such 
as the western tragopan (Tragopan tnelanocephalus) which requires 
primary and undisturbed habitat (Duke 1993). 
There have been only few detailed studies on habitat use 
pattern of pheasant species in India (Bisht et al, 1989, Saklani et 
al. 1988c, Iqbal 1993, Kalsi 1993, Sathya et al. 1993).The reasons 
for the lack of information on the subject are the difficulties in 
sampling of pheasant populations for habitat studies. The present 
study, aimed at knowing the overall habitat use of the white-
crested kalij pheasant in Ranikhet,is hoped would be useful for its 
conservation and will enthuse students to take up further studies 
on pheasants. 
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5.2 METHOD 
5.2.1 Data collection 
Sightings in different habitat types were used to work out the 
habitat-use pattern of the white-crested kalij. The line transect: 
method (Burnham et al. 1980, Buckland et al. 1993) was used to 
sample the kalij population in different habitats of the study 
area. Apart from the transects, two forest trails were also used 
for monitoring. The line transects and forest trails were monitored 
444 and 53 times, respectively. After each sighting of a kalij 
group on transect and trail, the following information was 
recorded: 
a) Number of individuals 
b) Broad vegetation type 
c) Altitude 
d) Gradient 
e) Aspect 
The habitat variables related to vegetation had been recorded 
on a subjective ordinal scale in a 5 m radius at the location of 
the sighting. The variables assessed were: 
1) Tree cover (0-10%, 11-30%, 31-50%, 51-70%, 71-90%, & >90%) 
2) Shrub cover (0-10%, 11-30%. 31-50%, 51-70%,71-90%,& >90%) 
3) Shrub height (0-1 m, 1-2 m, 2-3 m, 3-4 m, >4 m) 
4) Ground cover (0-10%, 11-30%, 31-50%, 51-70%, 71-90%) 
5) Ground cover height (1-10 cm, 11-20 cm, 21-30 cm, 31-40 on, 41-
50 cm, & >50 cm) 
6) Grazing pressure (None, Low, Medium & High) 
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7) Lopping pressure (None, Low, Medium & High) 
•S.2.2 Data analysis 
All sightings of kalij from line transect and forest trails 
were pooled and summarized on seasonal basis, habitat types and 
habitat variables. A series of chi-square contingency matrices have 
been used to detect significant differences in the use of different 
habitat types and habitat variables within a season and across the 
seasons following Fowler & Cohen (1986). To determine which 
particular habitat had been utilized significantly in proportion to 
its availability, Bonferroni 95% confidence intervals has been used 
following Neu et al. (1974) and Byers et al. (1984). For each 
habitat, its proportion in the total study area was calculated 
(Pi^  = ni/Eni) . This was then compared with the proportion of 
sightings (Pij=mi/Emi) . Kalij utilized a habitat significantly more 
or less than expected when P^ ^ lies outside the 95% confidence 
intervals for V^. 
5.3 RESDLTS 
Tables 30, 31, 32 and 33 provide the proportional availability 
(P^ ,) of five habitat types in the study area. Proportional usage 
by kalij (Pjj) proportions of sightings in different habitats and 
95% confidence intervals for P^ ^ for post monsoon, winter, summer 
and monsoon seasons. The sightings of kalij pheasant differed 
significantly in different habitats during the post-monsoon season, 
(X*= 35.5, d.f.= 4, P<0.01), winter (X*= 74.3, d.f.= 4, P<0.001), 
summer (X*= 30.5, d.f.= 4, P<0.001) and monsoon season (X*= 51.7, 
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d.f.=4, P<0.001). The kalij utilized oak-scrub significantly more 
than conifers during the post-monsoon, winter and summer seasons. 
The other habitat types were utilized in proportion to their 
availability during the three seasons. The pattern of habitat 
utilization changed during the monsoon and kalij utilized riverine 
habitat significantly more used oak and conifer forest less than 
expected. There was a significant altitudinal variation in the 
sighting of kalij within the seasons (Figure 13); post monsoon: 
(X*=36.0, d.f.= 3, P<0.001), winter: (X*= 94.5, d.f. = 3, P<0.001), 
summer: (X*= 23.1, d.f. = 3, P<0.001) as well as interseasonal: 
(X*= 31.59, d.f. = 9, P<0.001). The sightings of kalij also 
differed significantly with respect to slopes (Figure 14) during 
the post-monsoon period (X*=29.1, d. f.= 2, P<0.001), winter (X^= 
56.2, d.f.= 2, P<0.001), summer (X*= 31.1-, d.f.= 2, P<0.001) and in 
all the three seasons (X'=9.31, d.f.=4, P<0.10). More kalij wero 
sighted in areas with slopes ranging between 20 to 40*. There was 
a significant association between certain aspect of slope (Figure 
15) and sightings during the post-monsoon period (X*= 57.8, d.f.= 
6, P<0.001), winter (X*= 128.4, d.f.= 6, P<0.001), summer (X*= 
49.1, d.f.= 6, P<0.001), monsoon (X'= 37.58, d.f.= 6, P<0.001) and 
interseasonal (X*= 77.6, d.f. = 18, P<0.05). In general, sightings 
have been more on the slopes facing north-east, south and north-
west. The sightings did not differ significantly in relation to 
tree-cover categories (Figure 16) during the post-monsoon season 
(X*= 4.1, d.f.= 2, P>0.05) but it differed during winter ( X*= 8.7, 
d.f.= 2, P<0.05) and summer (X*= 8, d.f.= 2, P<0.05). However, 
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there was no significant inter-seasonal difference (X*= 6.6, d.f.= 
4, P>0.05). The use of different shrub cover categories (Figure 17) 
also differed during the post-monsoon season (X*= 8.62, d.f.= 2, 
P<0.05), winter (X'= 24.3, d.f.= 2, P<0.05), summer (X'= 20.8, 
d.f.= 2, P<0.05) and inter-seasonal (X»= 12.3, d.f.= 4, P<0.05). 
The sightings also differed significantly in relation to different 
shrub height categories (Figure 18) in post-monsoon (X*= 35.4, 
d.f.= 2, P<0.001), winter (X*= 54.4, d.f.= 2, P<0.001) and summer 
(X'= 21.1, d.f.= 2, P<0.001). However there was no significant 
difference in the use of different shrub height categories inter-
seasonally (X'= 0.27, d.f.= 2, P>0.05). There has been significant 
differences in the sightings of kalij in relation to varying 
degrees of grazing pressures during the post-monsoon season (X*^ 
38, d.f.= 2, P<0.05), winter (X*= 22.4, d.f.= 2, P<0.05) and summer 
(X'= 22.9, d.f.= 2, P<0.05). However no such inter-seasonal 
comparison had been possible due to low sample size. The sightings 
of kalij also differed significantly with respect to varying 
degrees of lopping pressures during post-monsoon period (X*= 16.7, 
d.f.= 2, P<0.05), winter (X*= 12.0, d.f.= 2, P<0.05) and summer 
(X'= 14.1, d.f.= 2, P<0.05). No such inter-seasonal has again been 
possible due to the same constraints. 
5.4 DISCUSSION 
It has been felt by most workers as well as by the author that 
due to a low density of population of most pheasant species, 
sufficient data for statistical analysis are difficult to collect 
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if only one technique is employed. The solution to this problem is 
to employ a number of techniques so that the errors, that may creep 
in as a consequence of low numbers and insufficient data, may be; 
eliminated to the extent possible. It is due to this reason that 
most of the previous workers on pheasants in the Himalayas have 
used a combination of techniques such as call counts, direct counts 
along forest trails, roads etc. to work out the habitat occupance 
and other aspects of their ecology. It is only recently that people 
have started using line transect sampling procedure for the density 
estimate as well as for other ecological studies.(Sathya et al. 
1993). A number of techniques have been applied to analyze habitat 
use data. In recent times, the Bonferroni test (95% confidence 
limits) has been in vogue to find out preference and/or avoidance 
of a habitat by a species. In the present study also the same 
technique has been used. However, this technique has been 
questioned now on a number of valid statistical reasons such as 
non-independence of habitat proportion and serial correlation in 
sightings (Aeibischer & Robertson 1992). It has been suggested that 
compositional analysis overcomes most of the statistical problems 
posed by the method suggested by Neu et al. (1974) and Byers et al. 
(1984) for finding out the habitat use pattern by a species. 
However this method is best suited for data sets generated through 
the radio-telemetry rather than the direct sightins along the line 
transects or the trails. The method of compositional analysis works 
out the habitat use at two levels i.e. study area and home range 
(Dowel1 et al. 1993). In case of the present study, the monitoring 
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of line transects and trails has been done only in the mornings and 
evenings i.e. just after sunfise and 2 hours before sunset. These 
two time periods coincide with the feeding hours when kalij is 
expected to show some preference for a particular habitat for 
foraging. Therefore, the observed pattern of relative occurrence of 
kalij in different habitats while foraging indicates that the 
concerned habitats are used for feeding only . It is not feasible 
to assign any other function to habitat use unless the monitoring 
is done at other times also. The observed pattern of habitat use 
for foraging clearly demonstrates the importance of oak-scrub in 
the study area as it has been utilized more than expected in the 
post-monsoon period, winter as well as in summer but this pattern 
changed during the monsoon season. The oak-scrub is quite extensive 
in the Ranikhet region and is the most disturbed habitat at 
present. The probable reason for preference of oak-scrub by kalij 
for foraging is the relative higher densities of shrub species such 
as Rubus ellipticus, Rubus biflorus, Pyracantha crenulata, 
Craetegus crenulata, and Myrcine africana. These species are 
evergreen and bear berries which attract kalij (Ali & Ripley 
1982). On the other hand, the chir-pine forest is virtually devoid 
of any undergrowth and hence offers little food and cover to tho 
kalij pheasant. The chir-pine forest is spreading fast throughout 
the Ranikhet region due to its ruderal nature and extensive 
disturbance in oak forest due to fires, lopping, grazing and 
browsing and other factors, pose a major threat to its 
conservation. The spread of chir pine should be checked and the oak 
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saved with whatever means possible if the native assemblage of 
fauna and flora is to be conserved in this region. 
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CHAPTER 6. BEHAVIOURAL STUDIES 
6.1 INTRODUCTION 
Behavioural studies on pheasants in the wild are quite 
difficult and may be frustrating if the birds do not show up for 
observation even for short durations. This is the main reason why 
most behavioral studies (e.g. social behavior, breeding behavior 
etc.) have been carried out on birds in captivity (Howman & Sivelle 
1983, Singh and Singh 1983, Ridley 1983, Hermans 1986, Pandey 1993, 
Assink 1993, Bocxtaele 1993). The scanty data which one is able to 
gather from the wild is often not suitable for statistical tests 
due to an insufficient sample size. However, some aspects of 
behavior can be studied even without direct observations and them 
have been some studies on pheasants, especially on their calling 
behavior (Young et al. 1987, McGowan 1989). 
During studies on the ecological aspects of white-crested 
kalij pheasant in Ranikhet, data on social organization (group 
size, group structure and sex-ratio), roost site characteristics 
and roosting behavior were collected and are being presented in 
this chapter. 
6.2 METHODS 
6.2.1 Social Organization 
The data on group size, group structure and sex-ratio were 
collected by monitoring of line transects and forest trails. Each 
sighting of a kalij group was classified on the basis of sex and 
numbers. Monitoring during the monsoon provided additional data on 
brood size. All sightings of groups were summarized with reference 
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to different sites, and seasons, to calculate mean group size, mean 
sex ratios and group-frequency distributions. A series of chi-
square contingencies were used to find out significant differences 
in the number of males and females at each site and in each season. 
6.2.2 Rooat site characteristics and Rooatina behavior 
During initial reconnaissance survey three roosting sites were 
located in the intensive study area. The presence of droppings 
(fresh as well as piles of old ones) indicated the location of 
roosting sites. The vegetation structure in the area around each 
site was quantified in relation to species composition on a random 
selected compass line. Along each compass line four quadrats of 1 
ro* at an interval of 5 m were sampled to measure density of 
different plant species. 
Following other features at each site were also recorded: 
a) Habitat type 
b) Gradient 
c) Aspect 
d) Nearest water source 
e) Nearest human habitation 
The roosting sites were visited one hour before sunrise and 
sunset to record the roosting schedule of the birds. These 
observations were made from vantage points. The relationship 
between time of emergence, return to the roost and day length was 
tested by Carl Pearson correlation coefficient following Fowler & 
Cohen (1986). 
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6.3. RESULTS 
6.3.1. Social Organization 
6.3.1.1. Group size and group structure 
Tables 34 and 35 provide the mean group size of kalij during 
different seasons in 1991-92 and 1992-93. The mean (±S.E.) group 
size during 1991-92 was (3.5±0.29) and there was little variation 
in different seasons. The mean (iS.E.) group size during 1992-93 
was (3.3±0.12) and there was no seasonal variation. The mean (± 
S.E.) group size during the monsoon of 1993 was (5.610.08) with 
little variations in different months (Table 40). Figure 19 
provides group frequency distribution in different group size 
classes on transects, trails and valley forest. The group size 
ranged from 1 to 8 in both the years. They were 19.6%, 26.1%, 
22.5%, 15.7%, 10.4%, 3.8% and 1.8% in size classes 1, 2, 3, 4, 5, 
6, and 7+, respectively, on transects and 1%, 2%, 18%, 1,6%, 33% 17% 
and 10% in size classes 1, 2, 3, 4, 5, 6, and 7+ on trails. In 
random wallcs in the valley forest during the monsoon period they 
were observed 2.2%, 11.1% 33.3%, 28.8% and 24.4% in size classes of 
3, 4, 5, 6 and 7+, respectively. 
6.3.1.2. Sex-ratio 
Tables 36 and 37 provide information on sex ratios of )calij 
for different sites and seasons during 1991-92 and 1992-93. The sex 
ratios indicate a higher frequency of males sightings during all 
the three seasons. During 1991-92, the overall sex ratio was 2.1 
male'.l female, 2.9 males:! female and 1.9 males:! female during 
post monsoon, winter and summer seasons respectively. During 1992-
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93 the ratio was 1.7 males:! females, 2.2 males:! female and 1.9 
males:! female during post monsoon, winter and suminer seasons 
respectively. The proportions of males and females did not differ 
significantly with change of seasons in 1991-92 (X* = 1.2, d.f.= 2, 
P>0.05) or in 1992-93 (X' = 0.59, d.f.= 2, P>0.05). Tables 38 and 
39 provide information on sex ratios on two forest trails. There 
was, on the whole, no major difference in sex-ratios recorded on 
forest trails during different seasons. 
6.3.4.Roosting 
6.3.4.1. Site Characteristics. 
Table 41 provides characteristics of three roosting sites. 
They were found located in three different habitat types: Riverine, 
oak and oak-pine forest. The elevation averaged 11763 m amsl for 
three sites. The slope of the roost sites averaged 30 to 40*. 
South-east aspects were selected twice. One had a south-west 
exposure. The average distance from the water source was 44.3 m± 
28.6 and generally the sites were more than 100 m away from human 
habitations. These sites were located generally in undisturbed 
areas. 
Tables 42 and 43 give information on vegetation at roosting 
sites. Quercus leucotricophora, Myrica nagi, Litsea umbrosa, 
Maytenus rufa, Stranvaesia nussia, Symplocos theifolia, Pinus 
roxburghii and Rhododendron arboreum comprised 37%, 15%, 12%, 8%, 
8%, 8%, 6% and 6%, respectively, as trees at the roosting sites. 
The shrubs which dominated the sites were Myrcine africana, 
Craetegus crenulata, Prunus padura, Eurya acuminata and Rubus 
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biflorus. They comprised 30%, 16%, 15%, 11% and 9%, respectively. 
Pedicularis spp, Smilax aspera, Hedera nepaJensis and Elastostema 
spp were the most common plants and climbers around the sites. 
Table 44 provides information on the characteristics of 
shelter trees. Four trees of Quercus leucotrichophora, three each 
of Myrica nagi and Symplocos theifolia and two of Stranvaesia 
nussia were used for roosting. The mean gbh (girth at breast 
height) of the roosting trees, Quercus leucotrichophora, was 80.5 
cm ± 5.17, Myrica nagi 78.5 cm ± 2.19, Symplocos theifolia 50.3 cm 
• 9.33 and Stranvaesia nussia 55.3 cm + 2.1. The average height of 
Quercus leucotrichophora was 18 m ± 3.43, Myrica nagi 11m ± 0.57, 
Symplocos theifolia 9 m ± 1.33 and that of Stranvaesia nussia 10 m 
± 1.0 
The average height selected for roosting on Quercus 
leucotrichophora was 10 m ± 0.81, on Myrica nagi 5 m ± 0.33 and on 
Stranvaessia nussia 5m ± 1.0. The canopy cover of the roosting 
trees ranged between 70 and 80 per cent whereas the branches (in 
regard to the foliage) of the tree where the bird roosted were 
estimated ranging between 80 and 90 per cent. 
6.3.4.2. Roosting behavior 
The roosting behavior is fascinating to watch, particularly 
when the birds come in to the roost. Kalij move in usually in 
parties of 2 to 6. In early May the number of the birds coming to 
the roost dropped. The apparent reason is the breeding season. It 
seems some were busy courtshiping. No observations could however be 
made to validate this. 
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The kalij (male) approached the roosts during the monsoon 
also. The return of the birds to the roosting trees appears to be 
influenced by the rains. Birds were seen roosting in light rain but 
failed to return to the habitual site if it rained heavily. This 
phenomenon was observed several tiroes during the study period. The 
location of such birds could not be ascertained. 
After arrival at the roost kalij were found more alert. They 
were seen to spend considerable time approaching the roosting tree. 
Males follow the females after a minute or so. Not more than two 
pairs were observed roosting on the same tree. Sex-ratio at the 
sites were on an average 1: 1 (n = 13). Once kalij pheasants get 
settled human-movement does not disturb them unless it is severe. 
When the roosting birds were harassed, they abandon the tree as 
well as the site for 6 to 7 days {n = 3). In most cases the birds 
leave the roost with an alarm call, flying off to a nearby slope or 
land in the nearest valley forest. The alarm calls of only males 
were heard, the females simply followed without vocalizing. However 
if the disturbance occurred at dawn (i.e. about the time the birds 
get ready to leave) the birds move out a little earlier but return 
to the site as usual at dusk. 
The results show a correlation between emergence of kalij from 
the roost and sunrise as well as arrival at the roost and sunset 
during winter. The correlation coefficients are (r, = 0.80 and 0.66 
n = 34, P<.01) respectively, and statistically highly significant. 
There is also a correlation between emergence from the roost and 
the day length as well as arrival at the roost and the day length. 
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The correlation coefficients are (r, = - 0.70 and 0.61, n = 34 
P<.01) respectively, and highly significant. During summer no 
reliable correlation was found between emergence and sunrise (r, = 
0.17, n = 31, P<.01) but a significant correlation (r, = 0.65, n = 
31, P<.01) was obtained between time of return and the sunset. 
There is also no significant correlation between emergence and the 
day length (r, = -0.18, n = 31, P>.01) but the correlation is 
highly significant (r, = 0.70, n = 31, P<.01) between the time of 
arrival at the roost and the day length. 
6.4.DISCDSSION 
6i4tli Group size and growp structure 
Apart from the male-female groups of kalij, solitary males and 
all-male groups of kalij have been sighted frequently. Solitary 
males were less frequent than all-male or male-female groups. The 
solitary males were generally sighted on the spur of the hill 
unlike male group which were normally seen on the margin of the 
forest, i.e. along the roads or paths. Females have rarely been 
rarely been seen with the males around the margin and they are 
generally sighted in the interior of the forest. This leads to tho 
belief that all male groups forage along the paths and females 
seldom go there. The ecological basis of this phenomenon in terms 
of differential behavior of the birds in different types of groups 
is however not clear and will be a challenging line of research in 
future. Similar grouping and occupancy of marginal habitat is 
reported for the red-jungle fowl (Johnson 1963). 
In contrast to the high chick mortality in the red-jungle fowl 
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(Sullivan, unpublished data) (Sullivan 1991), kalij chicks have low 
mortality. 5 to 6 chicks were regularly seen with one hen from late 
June to early September (Table 40). It is difficult to believe that 
chicks in other parts of the Ranikhet region were equally 
fortunate. However, this observation definitely indicates a very 
low chick mortality in kalij. The point worth considering is as 
follows: If the survival rate of chicks is as high throughout the 
region as observed, the kalij population in the region should rise 
rapidly. But it is not so. During the three years of continuous 
observations there has been no discernible increase in the kalij 
population. Regular poaching and frequent fire during summer have 
been found to be mainly responsible for mortality and the low 
population level. Predation by raptors is also heavy. The main 
killers are yellow-throated Martin, civet, and the hawk tribe. The 
situation in other parts of the region is difficult to know unless 
extensive studies are carried out with this specific objective. 
6.4.2 Sex-ratio 
More males were sighted than females and this ratio remained 
almost the same in different seasons and at different sites during 
the years 1991-92 and 1992 -93. This gives a false estimate of an 
unequal sex-ratio as well as an underestimate of the density of the 
population. 
An unequal sex-ratio is a common bias during sampling. These 
biases occur commonly during the sampling. In ducks, for example, 
studies of many species have shown a marked preponderance of adult 
male (sometimes as high as 3:1) over females. In the Australian 
108 
Honey-eaters (Meliphagidae), there are genera in which males seem 
to be ten times as numerous as females (Mayer, 1939). 
The reasons for this unequal sex-ratio are not easily 
determined. Without doubt there are various forces which operate to 
produce a selective bias in sex-ratio. Errors in determining the 
actual sex-ratio in a species may be due to the method, the time or 
the place of sampling (Welty 1982). 
Estimating sex-ratio in kalij pheasant thus posed serious 
problems because the species is very secretive and sensitive to 
human presence and that its habitat is almost opaque. In addition 
to all these impediments, kalij, like all Galliformes has sexual 
dimorphism in respect to the body size, plumage and other 
morphological features. Females are inconspicuous and very shy, but 
males are brightly coloured, less shy and vocal. It is thus easier 
to spot the males and equally difficult to see the females. As a 
consequence, it seems very likely that the sex-ratio estimates are 
biased in favour of males. Special care has to be taken and 
specialized technique applied for better results. 
For a correct estimate, the problem was approached from 
several angles. The sex-ratio estimated by monitoring transects and 
trails indicated a significantly higher population of males in all 
seasons and at different sites throughout the 1991-93 period. 
Keeping in view the distinct possibility of missing the presence of 
females, while moving along the transects and trails, this estimate 
should not be entirely relied upon. Observations at roosting sites 
(1, 2 & 3) invariably led to an estimate of equal sex-ratios. 
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Comparing the reliability of the two methods of sex-ratio 
estimation (i.e. actual counts on roosting sites and observations 
along transects/trails) there can not be any doubt that 
uninterrupted observations and actual counting of roosting birds is 
more reliable than trying to spot the moving birds in the forested 
habitats even though the sample size of roosting sites are low. 
Another interesting observation, which indirectly supports tho 
sex-ratio estimate at roosting sites, has been the presence of a 
cock in the vicinity of the hen when it takes the young chicks out 
for feeding. The cock not only remains around the family but 
invariably responds to an alarm call of the hen by rushing to play 
its "protective role" howsoever ineffective it may be at times. 
This cordial relationship between the cock and the family (hen with 
chicks) that has been observed during this study is indicative of 
1:1 sex-ratio in kalij. 
While censusing kalij this possible error in the observed sex-
ratio roust be corrected to get the actual density estimate of the 
bird or some reliable technique be evolved for determining the 
actual ratio. Otherwise, the accuracy of the census will be 
impaired and pose a major problem (Dale 1952) in research and 
management. 
In view of the above problems, improvements of techniques to 
obtain an accurate sex-ratio of kalij as well as other pheasants is 
strongly recommended. 
6.4,3 Roosting site characteristicB 
The present study on the roosting behavior of kalij shows that 
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they follow a fixed route to reach the site. Selection of trees on 
a particular slope for roosting appears to be related to the 
vegetation cover and the appearance of kalij from a definite 
direction to the roost is related to the forest stretch in the very 
direction which the birds use normally during the day for feeding 
and other activities. 
6.4.4 Roosting behavior 
It was interesting to observe that with the onset of the 
breeding season all the females and some males disappeared from the 
roosting site. Though no records are available to this author on 
the mystery there is plenty of scope for logical reasoning. Kalij 
in the wild, according to Hermans (1986) attains sexual maturity 
within a year. It is logical to conclude that the birds moved away 
in pairs to perform breeding activities. All observations have so 
far indicated monogamy in kalij. It has been observed that a few 
more males (in addition to the 4 to 5 males regularly counted at 
the site) used to occasionally roost there. These additional males 
may be part of a floating population not attached to any particular 
roosting site stayed at S 3. 
Saklani et al. (1989) found that the roosting schedule of 
kalij (i.e.emergence from the roost and arrival at the roost) is 
governed by photoperiod and indicated a significant negative 
correlation between emergence of the birds and day length and a 
positive correlation between arrival and day length. She also found 
rigidity only in emergence time but not in arrival time. 
Observations during this study do not support these findings. 
Ill 
A significant negative correlation between emergence and day 
length in winter was found. The picture changed in summer when an 
insignificant negative correlation was found between emergence and 
day length. 
It has therefore been concluded on the basis, of this study 
that apart from photoperiodic control, a seasonal change in 
weather i.e. temperature, also play an important role on the 
emergence of kalij as is evident from the correlation analysis of 
the data on emergence with daily sunrise during winter. The 
emergence of kalij, it is believed is influenced due to severo 
winter and low temperature as they were observed to stay on till 
the rays of the sun fell on the foliage. In summer they wero 
regularly observed to leave the roosting site even before sunrise 
and therefore the correlation is insignificant between emergence 
and sunrise during this period. 
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